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Description

Technical Field

The present invention relates to the precise and
automatic manipulation of workpieces in high
temperature environments, most particularly to a
robot manipulator arm having a pneumatic sen-
sor for detecting the furnace floor on which a
workpiece rests.

Background

The problem which led to the present invention
involves the movement of workpieces in connec-
tion with a forging operation. As is common,
workpieces are heated to an elevated temperature
prior to forging, most commonly by being placed
in a furnace. Once the article is heated to an
elevated temperature, it must be rapidly removed
from the furnace and placed within the forging
apparatus, so it can be worked in the desired
manner. It is important that the article be moved
quickly and accurately to the forging position. It
has been found that this job is particularly suited
to a robot manipulator, not least of all because it
can be a hot and unpleasant job.

While robots can be regularly programmed to
accurately perform such functions there is a
problem if the workpiece is not in the position at
which the robot is told by its program that it is
supposed to be. Furthermore, with relatively
small workpieces it is critical that the workpieces
be accurately held, so they are accurately forged.
Because of the high temperatures involved, cer-
tain problems can arise in handling small forging
preforms. These include changes in the absolute
position of the working surface of the furnace due
to distortion with change in temperature or wear,
and distortion of the robot arm due to the effects
of heat.

Also, when forgings are made of titanium and
other reactive metals, the workpiece is often
coated with glass and other material to protect it
from oxidation. Therefore, while it may seem
appropriate to have the robot arm detect the
workpiece position by contacting or sensing the
workpiece itself, it can be difficult to make this
practical. Various optical and electrical sensors
which might be useful in other circumstances are
not particularly suited for the harsh environment
which comprises the interior of a furnace, where
temperatures can be in the 1100°C range or
higher.

Also, the glass coating can be adversely
affected in its protective function at the location
where the robot grips the workpiece. Given this, it
is important that the robot accurately and consis-
tently grip a workpiece so that any degraded area
will be confined to a non-essential part of the
workpiece, typically a portion that is discarded
further in the manufacturing process.

There have, of course, been innumerable vari-
ations in robot manipulator arms and associated
sensors described in the patent and technical
literature. But, there are two patents of particular
interest to the present invention. The first, USSR
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Patent Serial No. 617,257, shows a robot hand
clamp for use in manipulating hot workpieces in
forging operations. The arm has an electrical
sensor which, as indicated above, is prone to
degradation in a furnace environment and is not
particularly useful when the workpiece is coated
with a nonconductive glass coating of uncertain
thickness. U.S. Patent No. 4,129,220 to Peterson et
al. shows a bar stock feeding apparatus useful
with a metal working machine. As is revealed in
the further description herein, the sensor of the
present invention is fluidic. The Peterson patent
describes a pneumatic feeding system which
includes pneumatic sensors and generally reflects
pneumatic sensing and gripping devices. How-
ever, the Peterson apparatus is not suited for use
at high temperature, owing to the details of its
construction which include numerous elastomer
seals and close fits.

Therefore, there is a need for a simple and
reliable manipulator which will accurately grip
workpieces which are positioned in a hot environ-
ment on a surface of imprecise location.

Disclosure of Invention

An object of the invention is to provide a
manipulator suited for use in high temperature
and other environments which are adverse to the
operation of conventional proximity detectors,
such as electrical and optical detectors. A further
object of the invention is to provide a manipulator
which is capable of positioning itself relative to
the floor of a furnace, where the floor is coarse
and uneven in texture.

According to the invention a manipulator
apparatus is comprised of a structure for gripping
the workpiece and a sensor which operates fluidi-
cally, such as a pneumatic sensor. The sensor is
connected to a gas flow path and is configured to
allow continuous gas flow through the sensor to
thereby cool the sensor and any other parts along
the gas flow path. Air is most commonly used; in
a preferred embodiment. Discharge of the air
which cools the sensor is preferably directed
toward the workpiece holding surface.

In the preferred embodiment of the invention
the sensor has a plunger which extends from the
lower surface of the structure which enters the
furnace. The plunger contacts the floor of the
furnace and is caused to move as the manipulator
nears the surface. The motion of the plunger
moves a piston and affects the flow path of the
gas by restricting it. This changes the flow or
pressure in the supply line; and, a signal genera-
ted by a suitable supply line detector is used to
control the gripping means. The air continuously
discharged from the sensor is directed toward the
end of the plunger where it contacts the work-
piece holding surface. The air flow will tend to
keep the plunger cool and to blow away light
particulate debris which rests on the workpiece
surface. Typically, the plunger and piston fit
loosely in the sensor and the flow of air also tends
to keep debris from entering the loose fit areas
and thus causing mechanical hinderance on the
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moving parts. Preferably, the flow passages are
designed so that the cooling air flows by means of
passages, grooves or holes, through the piston
and along the plunger. Preferably, the airflow
along such passages is increased when the
plunger is activated, as this is the condition under
which it obtains its maximum thermal load due to
proximity to the workpiece surface.

Theinvention is advantageous in thatitis simple
in operation and thus quite suited for high
temperature operation. The absense of any elas-
tomer seails means that the degree of cooling is not
critical to the continued and accurate operation of
the unit. The sensor provides accurate information
to the manipulator, regardless of variations in the
texture and local features of the workpiece holding
surface.

Brief Description of the Drawing

Figure 1 is a perspective view of a manipulator
having a position sensor at its extremity, showing
how the manipulator is able to grip a workpiece
positioned within a hot furnace.

Figures 2 and 3 are sectional views along line AA
in Figure 1, showing the configuration of a position
sensor. The sensor is shown in the unactivated
condition in Figure 2 and in the activated condition
in Figure 3.

Figure 4 is a cross section of a simpler sensor
which is however not as suited for rough surface
measurement as is the sensor shown in the other
figures.

Best Mode For Carrying Out The Invention

The invention is described in terms of a man-
ipulator of a particular configuration, designed to
lift a forging preform from a furnace. However, it
will be appreciated that the invention may be
made in other configurations and for use in other
applications, wherever a workpiece must be man-
ipulated in a high temperature or otherwise
adverse environment. In particular, the present
invention will be useful in certain hot extrusion
processes.

Figure 1 shows the essential eiements of the
invention. The manipulator apparatus 20 is being
used to pick up a forging preform workpiece 22,
shown in phantom, setting on the interior floor 40
of a hot furnace 24, shown in partial cutaway. The
manipulator 20 is supported off a base structure 26
which has a capability for motion in, along and
about multiple axes, characteristic of muilti-axis
motion robots which are well known in commerce.

The manipulator is comprised of an arm 28
which extends lengthwise from the base 26. At the
end of the arm is a portion 36 which comprises half
of the gripping means 36,34 which is adapted to
grab the workpiece. Also, attached to the base and
arm is an actuator 30, such as the pneumatic
cylinder shown, to which is attached a strut 32
adapted to move parallel to the arm 28, as
indicated by the arrow 34. The end 38 of the strut
comprises the second half of the gripping means,
opposing the end 36 of the arm 28. As will be
apparent, when the end 38 is caused to move
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toward the end 36, the workpiece 22 will be held
within the manipulator. in such a position, the arm
of the manipulator can be raised vertically and
then withdrawn laterally from the furnace and
moved elsewhere, whereupon the desired forging
operation can be applied to the preform.

As described here the arm 36 is shown to be
immovable with respect to the base and the
actuator moves toward it. In other applications a
somewhat different design has been preferred in
that both the actuator and arm move toward a mid
point between them. This is carried out by having
both of the members slidable and by having them
actuated by rotary gear driving racks attached to
each member; a cam system may also be used.

The workpiece 22 rests on the furnace floor
surface 40 which is made of a refractory. The
surface tends to be rough and may have various
pieces of particulate debris on it. inasmuch as it is
important to grab the workpiece 22 at a very
carefully known location, a position sensor 50 is
located in the arm; the plunger part 42 protrudes
from the lower surface of the arm 28.

The sensor is of the fluidic type and in this
instance is operated by air which, as shown in
Figure 1, emanates from a constant output volume
supply 44 and through line 46 is connected to the
arm 28. The air flows within the arm through a
passage 48 until it reaches the sensor location. In
operation, the sensor 50 alters the pressure {(or
flow) in the lines 48, 46 and any change is detected
by a detector 52 suitably located along the air
supply line. The detector 52 provides a signal to
the controller 54, which upon processing the
signal and such other signals and commands as
are provided, appropriately activates the piston 30
and thereby the gripping means 36, 38.

Figures 2 and 3 show in more detail how the
sensor is constructed. In the preferred embodi-
ment the sensor is integrated into the construction
ofthe arm, but it is evident that a separate part may
be utilized as well. The supply passage 48 enters a
chamber 56 in which is located a piston 58. The
piston has a plunger 42 as an integral part thereof
and which extends from the lower surface 72 of the
arm 28, so that it will first contact any surface upon
which the arm is lowered. There is also a smaller
channel 68 which exits from the piston chamber
56. The channel 68 can discharge to the atmos-
phere or be routed back through the arm or such
other parts of the structure as may require cooling.
Of course, the supply passage 48 may be replaced
by an independent pipeline external to the arm for
reasons of convenience.

When the piston is in its lowermost position as
shown in Figure 2, any air {indicated by arrows 66)
entering through channel 48 can leave the
chamber 56 by means of exit channel 68. However,
since the channel 68 is made smailer than the
channel 48 there is created in the chamber 56 a
pressure which is positive with respect to the
atmosphere surrounding the arm.

The piston has a multiplicity of passages 60
through which air can bypass the piston. In other
embodiments, the piston may have slots around
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its periphery and underside, to achieve the same
purpose. The passages 60 allow air to bypass the
piston and, by means of groove passages 64, to
travel along the Iength of the bore 65 in which the
plunger slides, so that air is discharged in the
direction of the work holding surface 40, owing to
the pressure in chamber 56.

The sensor is shown in its actuated position in
Figure 3, where the lower surface 72 of the arm is
a distance S from the work holding surface 40,
closer than shown in Figure 2. The end of the
plunger 42 has contacted the surface, causing the
piston 58 to be moved vertically, thereby blocking
the exit channel 68, and reducing the flow of air
along the supply channel 48. Cooling air 66’
continues to flow through the passages 60,64.
But, because of the diminished quantity of flow,
the pressure in the channel 48 and in connecting
line 46 is raised, inasmuch as the supply 44 is
designed to provide a constant volume. The
change in flow or pressure is sensed by detector
52, thus signaling the controller 54 that the arm is
in position to grip the workpiece.

The piston 58 and the plunger 42 are purposely
designed to fit loosely within the chamber 56 and
the bore 65 respectively. This is important in view
of the probable lack of lubrication and the prob-
able temperature variations amongst and along
the various components. Both these factors can
cause galling or other interactions which will
prevent the piston and plunger from moving
freely and carrying out their intended purpose.
However, as a result of this looseness there may
be a tendency for particles to enter the bore 65
during the use.

As will be appreciated from the foregoing
description, when the sensor is in both its acti-
vated and unactivated positions, there will be a
continuous flow of cooling air through the sensor.
This cooling air serves several functions. First, it
maintains the sensor (and any parts through
which the air travels in reaching or leaving the
sensor) at a low temperature. Second, the flow of
air along the bore 65, both in the space just
described and via the grooves 64 mentioned
above, will tend to prevent debris from entering
the bore or piston chamber, thereby avoiding any
disruptive effects. Third, the flow 62 is directed
along the length of the plunger and toward the
surface being detected. This flow will cool the
plunger to keep it within its useful range and to
keep it from unduly changing its dimension.
Fourth, the flow of cooling air will have the
tendency to sweep away debris, such as particles
70, where they rest on the surface being detected,
so that an accurate position measurement is
obtained.

How much air flows along the channels and
through the piston depends on the weight given
to carrying out the aforementioned objects. In the
instance described here with respect to the man-
ipulation of a glass coated workpiece, it is unde-
sirable that the air ejected from the sensor blow
debris around such that it would tend to blow
onto the workpiece. Thus, the velocity impinging
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on the workpiece is relatively modest to avoid this
possibie problem. It is nonetheless desirable that
the air flow continuously to keep the apparatus
cool and to avoid accumulation of debris in the
sensor.

When the piston 58 rises and restricts the flow
along the passage 68, inasmuch as the total
amount of exit area for the air flowing along the
path 66, 66’ is reduced, the pressure in the supply
line will rise. This is also true of course for the
pressure immediately above the piston surface.
As a result, a greater quantity of air will flow
through the passages 60 when the piston is in the
activated position, than when the piston is unacti-
vated. This is desirable because under such con-
dition the arm wiil be in the furnace or other
heated working area and this is when the maxi-
mum cooling of the plunger 42 is necessary.

The following is a particular example of one
practice of the invention. The air is supplied at a
pressure of about 7-11 kPa (1.-1.5 psi) relative to
atmosphere. The plunger is about 5 mm diameter
and the piston is about 10 mm diameter. When
the sensor is unactivated about 10-20 percent of
the airflow is through the passageways 60 and the
rest is through the channel 68. When the sensoris
activated as shown in Figure 3, about 50 percent
of the flow is through the passages 60 and 50
percent is through the channel 68.

While the plunger-activated apparatus is
described in terms of a plunger being attached to
a piston of a larger diameter, it should be evident
that a constant diameter plunger, with the
innermost end acting as the piston (together with
suitable means for retaining the plunger in the
arm) may be employed in carrying out the objects
of the invention.

It should be evident that other configurations
and degrees of alteration of the air flow through
the channel can be utilized, as can other means
for detecting the alteration of flow or pressure.

It is within the scope of the invention that the
gas flow path may lead to the sensor by any
convenient means, including a conduit external to
the arm. And while the particular gripping means
described herein is a clamp-like device, other
gripping means may be as simple as a probe io
engage a workpiece receptacle or as complex as a
simulative human hand. The structure of the
manipulator which is referred to in the claims
comprises a part like the movable arm described
above, whatever means is used to deliver air to
the sensor, and whatever means is needed to
integrate into the arm a gripping means.

As another example, Figure 4 shows another
embodiment of the invention wherein the channel
48a simply discharges the air stream through
nozzle 65a toward the workpiece surface. As is
well known, when a workpiece surface 40 is
brought in proximity to the discharge orifice 65a
the back pressure in line 48a will vary. However,
inasmuch as the character of the workpiece sur-
face 40a can vary in shape and roughness, or in
slope, and inasmuch as our experiments have
indicated the device shown in Figure 4 is rela-
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tively unpowerful in so far as the back pressure
effect produced, especially for large separations
S, the configuration shown in Figures 1-3 is
preferred. The plunger of the preferred embodi-
ment averages the workpiece surface height
across its width dimension and is more positive.

Although this invention has been shown and
described with respect to detailed embodiments
thereof, it will be understood by those skilled in
the art that various changes in form and detail
thereof may be made without departing from the
scope of the claimed invention.

Claims

1. A manipulator apparatus useful for gripping
a workpiece located on a workpiece holding
surface in a high temperature environment com-
prising:

a structure having means for gripping the work-
piece, and having a gas flow path for carrying
gas; and

a sensor attached to the structure for sensing
the proximity of the gripping means to the work-
piece holding surface; the sensor connected into
the gas flow path, allowing continuous flow of
gas there-along to thereby cool the sensor, and
altering the flow of gas according to the proximity
of the gripping means to the surface.

2. The apparatus of claim 1 characterized by a
sensor comprised of a plunger extending from
the structure and moving upon contact with the
surface, motion of the plunger affecting the flow
path of the gas.

3. The apparatus of claim 2 characterized by a
gas flow path shaped to discharge continuously
flowing gas along the plunger toward the location
where the plunger contacts the workpiece holding
surface.

4. The apparatus of claim 3 characterized by a
gas flow path which is shaped so that the flow
along the plunger increases when the plunger
moves upon contact with the surface.

5. The apparatus of claim 2 characterized by a
sensor having a chamber along the flow path in
which a piston is positioned; a smaller diameter
plunger attached to the piston and extending
from the chamber and the structure; wherein
contact of the plunger with the surface moves the
piston and alters the flow path.

6. The apparatus of claim 5 characterized by a
piston having flow passages which ailow flow
continuously through or around the piston
regardless of piston position.

7. The apparatus of claim 1 characterized by
means for detecting a change in the flow or
pressure of gas within the flow path due to
alteration in the flow path by the sensor, the
means providing a signal in response thereto, the
means connected to the gas flow path; and
gripping means responsive to the signal provided
by the detector.

8. The method of manipulating an article in a
high temperature environment which comprises
gripping the article with a releasable manipulator,
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sensing a surface on which the article is placed
with a sensor, and controiling the gripping
according to the position of the manipulator with
respect to the surface, characterized by con-
tinuously flowing air through the manipulator and
along a gas flow path to cool parts there-along,
and altering the gas flow path according to the
proximity of the manipulator to the surface and
using the detection of the alteration of the gas
flow path to control the manipulator.

9. The method of claim 8 characterized by
discharging the flow of air from the sensor in the
direction of the surface.

10. The method of claim 9 characterized by
altering the flow path to increase the flow of air
through the sensor when it is sensing the proxi-
mity of the surface.

Patentanspriiche

1. Handhabungsvorrichtung zum Einspannen
eines Werkstiickes, das sich auf einer Werkstiick-
halteftache in einer Umgebung hoher Temperatur
befindet, mit: einem Gebilde, das eine Einrich-
tung zum Einspannen des Werkstlickes und einen
Gasstromungsweg zum Transportieren von Gas
hat; und einem Sensor, der an dem Gebilde
befestigt ist, zum Abfiihlen der N&he der Spann-
einrichtung zu der Werkstlickhalteflache; wobei
der Sensor in den Gasstromungsweg geschaltet
ist, der einen kontinuierlichen Gasstromlangs
desselben gestattet, um dadurch den Sensor zu
kithlen, und den Gasstrom gemaf} der Néhe der
Spanneinrichtung zu der Oberflache veréndert.

2. Vorrichtung nach Anspruch 1, gekennzeich-
net durch einen Sensor, der aus einem Plunger
besteht, welcher sich von dem Gebilde aus
erstreckt und sich bei Kontakt mit der Oberfléche
bewegt, wobei die Bewegung des Plungers den
Stromungsweg des Gases beeinful3t.

3. Vorrichtung nach Anspruch 2, gekennzeich-
net durch einen Gasstromungsweg, der so
geformt ist, daf er kontinuierlich strémendes Gas
langs des Plungers zu der Stelle hin abgibt, wo
der Plunger die Werkstlickhalteflache berihrt.

4. Vorrichtung nach Anspruch 3, gekennzeich-
net durch einen Gasstrémungsweg, der so
geformt ist, daB die Strémung l&ngs des Plungers
zunimmt, wenn sich der Plunger bei Kontakt mit
der Oberflache bewegt.

5. Vorrichtung nach Anspruch 2, gekennzeich-
net durch einen Sensor, der eine Kammer léangs
des Stromungsweges hat, in welcher ein Kolben
angeordnet ist; einen Plunger kleineren Durch-
messers, der an dem Kolben befestigt ist und sich
von der Kammer und von dem Gebilde aus
erstreckt; wobei ein Kontakt des Plungers mit der
Oberflaiche den Kolben bewegt und den Stro-
mungswegd verandert.

6. Vorrichtung nach Anspruch 5, gekennzeich-
net durch einen Kolben, der Strémungsdurch-
[asse hat, die kontinuierlich eine Stromung durch
und um den Kolben ungeachtet der Kolbenposi-
tion gestatten.

7. Vorrichtung nach Anspruch 1, gekennzeich-
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net durch eine Einrichtung zum Erkennen einer
Anderung in der Strémung oder dem Druck des
Gases innerhalb des Stromungsweges aufgrund
der Verdnderung des Strémungsweges durch den
Sensor, wobei die Einrichtung daraufhin ein
Signal liefert und wobei die Einrichtung mit dem
Gasstromungsweg verbunden ist; und durch eine
Spanneinrichtung, die auf das durch die Erfas-
sungseinrichtung gelieferte Signal anspricht.

8. Verfahren zum Handhaben eines Gegen-
stands in einer Umgebung hoher Temperatur,
welches beinhaltet, den Gegenstand mit einem
ldsbaren Manipulator zu erfassen, eine Oberfla-
che, auf der sich der Gegenstand befindet, mit
einem Sensor abzufiihlen und das Einspannen
gemaR der Position des Manipulators in bezug
auf die Oberfliche zu steuern, gekennzeichnet
durch kontinuierliches Strémen von Luft durch
den Manipulator und auf einem Gasstromungs-
weg, um Teile langs desselben zu kiihlen, und
Verdndern des Gasstromungsweges gemafR der
Nahe des Manipulators zu der Oberfldche und
Verwenden der Erfassung der Verdnderung des
Gasstrémungsweges zum Steuern des Manipula-
tors.

9. Verfahren nach Anspruch 8, gekennzeichnet
durch Abgeben der Luftstrdmung aus dem Sen-
sor in Richtung der Oberflache.

10. Verfahren nach Anspruch 9, gekennzeichnet
durch Veréndern des Stromungsweges, um die
Luftstrémung durch den Sensor zu steigern,
wenn er die Ndhe der Oberfléche abfiihlt.

Revendications

1. Appareil manipulateur utilisable pour saisir
une piéce placée sur une surface de maintien de
la piece dans un environnement a haute tempéra-
ture comprenant une structure comprenant des
moyens pour saisir la piéce et présentant un
circuit d'écoulement de gaz pour transporter un
gaz et un capteur fixé a la structure pour détecter
la proximité des moyens de préhension par rap-
port a la surface de maintien de la piece, ce
capteur étant relié dans le circuit d’écoulement du
gaz en permettant un écoulement continu du gaz
le long de ce circuit afin de refroidir le capteur et
en modifiant I'écoulement du gaz en fonction de
la proximité des moyens de préhension par rap-
port a la surface.

2. Appareil suivant la revendication 1 caracté-
risé en ce qu'il comprend un capteur constitué par
un poussoir s'étendant a partir de la structure et
se déplacant lors d'un contact avec la surface, le
mouvement du poussoir affectant le circuit
d'écoulement du gaz.

3. Appareil suivant la revendication 2 caracté-
risé en ce qu’il comporte un circuit d'écoulement
du gaz concu de maniére a décharger continuelie-
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ment le gaz s’écoulant le long du poussoir, en
direction de I'emplacement ol le poussoir vient
en contact avec la surface de maintien de la piéce.

4, Appareil suivant la revendication 3 caracté-
risé en ce qu'il comprend un circuit d'écoulement
du gaz qui est concu de maniére que |"écoulement
le long du poussoir augmente lorsque le poussoir
se déplace par suite de son contact avec la
surface.

5. Appareil suviant la revendiation 2 caractérisé
en ce qu’il comprend un capteur comportant une
chabre le long du circuit d'écoulement du gaz,
chambre dans laquelle est logé un piston, un
poussoir de plus petit diaméte fixé au piston et
s'étendant a partir de la chambre et de la struc-
ture, le contact du poussoir avec la surface provo-
quant le mouvement du piston et |'altération de
I"écoulement du gaz.

6. Appareil suivant la revendication 5 caracté-
risé en ce qu'il comporte un piston ayant des
passages d’'écoulement qui permettent un écoule-
ment continu & travers le piston ou autour de
celui-ci, indépendamment de la position du pis-
ton.

7. Appareil suivant la revendication 1 caracté-
risé en ce qu’il comprend des moyens pour
détecter une variation du débit ou de la pression
du gaz dans le circuit d’écoulement a la suite
d’une altération du circuit d'écoulement par le
capteur, ces moyens fournissant un signal en
réponse, des moyens connectés au circuit d'écou-
lement du gaz et des moyens de préhension
répondant au signal fourni par les moyens de
détection.

8. Procédé de manipulation d’une piéce dans un
environnement a haute température dans lequel
on saisit la piece au moyen d'un appareil manipu-
lateur libérable, or détecte, au moyen d'un cap-
teur, une surface sur laquelle est placée la piece,
et on commande la préhension en fonction de la
position de I'appareil manipulateur par rapport a
la surface, caractérisé en ce que |'on fait s’écouler
continuellement de I'air a travers I'appareil mani-
pulateur et le long d'un trajet d'écoulement de gaz
afin de refroidir des parties se trouvant le long de
ce trajet et on modifie le trajet d’écoulement de
gaz en fonction de la proximité de |‘appareil
manipulateur par rapport a la surface et on utilise
la détection de la modification du trajet d'écoule-
ment de gaz de maniére 3 commander le manipu-
lateur.

9. Procédé suivant la revendication 8 caracté-
risé en ce qu'on décharge I'écoulement d'air en
provenance du capteur en direction de la surface.

10. Procédé suivant la revendication 9 caracté-
risé en ce qu’on modifie le trajet d’écoulement de
maniére a accroitre le débit d'air a travers le
capteur lorsqu’il détecte la proximité de la sur-
face.
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